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Context 
• Dairy products are susceptible to fungal contaminants, causing food 
waste & economic losses 
• Antifungal lactic acid bacteria (LAB) cultures are of growing interest 
as alternative to chemical preservatives (bioprotection) 
• Antifungal compounds production and pH decrease are the main 
factors contributing to LAB antifungal activity in foods 
Perspectives 
• Antifungal activity of these compounds should be further investigated 
alone and in combination 
• Volatile VX to be identified 
• Further studies required to determine whether proteinaceous 
compounds may also be involved in the observed antifungal activity 
Conclusions 
• Antifungal activity associated with quantitative and not qualitative  
differences in the antifungal compound profile 
• 33 compounds produced in significantly greater amounts in the 
presence of bioprotective cultures 
• Acetic acid, 5 aromatic acids (HPLA, PLA, PPA, HPPA, PCA) and 3 
volatiles (D,AC and VX) found as key antifungal compounds 
Introduction 
Objective 
 
To identify the compounds potentially responsible for the antifungal 
activity previously observed against Mucor racemosus and Penicillium 
commune for 3 antifungal LAB combinations in different dairy products 
(Leyva Salas et al. 2018, Frontiers in Microbiology ) 
Results 
Materials & Methods 
Antifungal compounds detected in the products? 
53 compounds detected in at least one of the dairy products: 
• 5 major compounds (> 100 mg/kg), e.g.  lactic and acetic acids 
• 9 compounds with intermediary conc. (10 - 100 mg/kg), e.g.  C18:0 
• 19 compounds with LOD = 5 mg/kg, e.g.  hydroxyphenyllactic acid 
• 20 volatile compounds (not quantified), e.g. diacetyl 
 The application of 4 analytical methods allowed detecting 
numerous antifungal compounds found at low concentrations 
Tested conditions : 
• Three binary combinations of Lactobacillus strains 
      L. plantarum L244 + L. harbinensis L172                     A1 
      L. plantarum L244 + L. brevis L128                              A2 
      L. plantarum L244 + L. rhamnosus CIRM-BIA1113      A3 
• Commercial antifungal cultures                                      CC 
• Control samples with no antifungal agent                       C 
Individual factor map of the first 2 
dimensions of MFA. 
Performed using the concentrations 
of all detected antifungal compounds 
(21 organic acids, 12 fatty acids, 11 
volatiles) in the four dairy products 
CM, Y, SC and Chi/Chf non 
inoculated (C) or inoculated with 
antifungal cultures (A1, A2, A3 and 
CC).  
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 Concentrations varied more between dairy products than 
between products with antifungal cultures and controls 
Compounds responsible for the observed antifungal activity? 
• Compounds were also detected in the controls but 33/53 antifungal 
compounds were present at significantly (p<0.05) higher amounts in 
products containing the bioprotective cultures compared to the 
controls 
• Concentrations below MICs  compounds act in synergy 
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Statistics :  
• Multiple Factor analysis (MFA): to illustrate the global dataset  
• ANOVA: to identify compounds with significant difference in 
concentration 
• Partial least square discriminant analysis (PLS-DA): to identify the 
antifungal compounds which best discriminated the samples 
according to the intensity of observed fungal inhibition 
Four dairy products :  
• cheese model: CM 
• yogurt: Y 
• sour cream: SC 
• non-ripened semi-hard cheese before Chi and after Chf ripening 
Four chromatographic methods combined to target 56 compounds  
known as antifungal compounds and to detect volatile compounds  
Venn diagram  
with the compounds present at 
significantly higher amounts in 
the presence of A1 compared to 
controls in sour cream or cheese 
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AC: acetoin  
C2: acetic acid 
C15:0,C18:0,C18:0,C18:2: fatty acids  
D: diacetyl  
HC10: 3-hydroxydecanoic acid 
HPLA: hydroxyphenyllactic acid  
HPPA: 3-(4-hydroxyphenyl)propionic acid 
HTN:2-heptanone  
PCA: 5-oxopyrrolidine-2-carboxylic acid 
PLA: phenyllactic acid 
PPA: 3-phenylpropanoic acid  
PyA. pyruvic acid 
UDN: 2-undecanone 
NN: 2-nonanon 
VX: non-identified volatile 
• PLS-DA showed that many compounds discriminated the products 
according to the level of inhibition observed,  
• 9 of them common to 3 or the 4 dairy products: C2, PPA, HPLA, 
HPPA, PCA, PLA, D, AC, and VX 
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